We have developed thirty new microsatellite markers in potato by screening genomic libraries and ESTs. Genomic libraries of potato cultivar Kufri Bahar were screened for sequences containing microsatellite motifs GA, GT, ACA, ATC, GAA, TAA and GATA. Using flanking sequences, PCR primers were designed for microsatellites identified from genomic libraries and ESTs. Sixteen new primer pairs from genomic libraries and fourteen from ESTs along with seven previously published primer pairs amplified PCR products in the selected genotypes comprising of 65 Solanum tuberosum lines and 14 other species of the potato gene pool. Neighbor-joining tree based on genetic distance matrix developed using microsatellite markers successfully distinguished all these genotypes in the expected size range. Seventeen microsatellites could also be cross-amplified in at least one of the five members of solanaceae, namely tomato, eggplant, pepper, petunia and tobacco. The new microsatellite markers obtained in this study will be useful in various genetic and taxonomic studies in potato and related genomes. 
INTRODUCTION
Potato (Solanum tuberosum L.) is the most important non cereal crop in the world, and overall it stands fourth in providing food security to mankind (Hawkes, 1990) , only after rice, wheat and maize. It belongs to the family solanaceae, which includes many other economically important plants. Members of solanaceae are genetically quite similar to one another (Dognalar et al., 2002a; Frary et al., 2003) , and cross-amplification at genetic loci between different species is well recorded (Livingstone et al., 1999; Ashkenazi et al., 2001; Dognalar et al., 2002a,b) . There are about 1500 species of the genus Solanum, but only a few of them are cultivated (Knapp et al., 2004) . Cultivated potato (Solanum tuberosum ssp. tuberosum and Solanum tuberosum ssp. andigenum) is a highly heterozygous tetraploid (2n = 4x = 48; genome size around 850 Mb) outbreeder. Potato has actually been represented by a number of ploidy levels, ranging from diploid to hexaploid derived from a haploid chromosome number of 12 (Peloquin et al., 1999; Raker and Spooner, 2002) .
A good number of genetic studies including mapping and tagging of specific traits have been undertaken in potato using RFLP and AFLP markers. For a heterozygous autotetraploid species like cultivated potato, this has been made possible using diploid wild relatives and dihaploid clones. Some of the mapped traits in potato include flesh colour (Bonierbale et al., 1988) , tuber shape (van Eck et al., 1994a) , tuber pigmentation (Gebhardt et al., 1989; van Eck et al., 1994b) and flower colour (van Eck et al., 1993) . QTL mapping for late blight resistance (Bormann et al., 2004; Mayton et al., 2009 ) and resistance against potato cyst nematode (Achenbach et al., 2009) have also been undertaken. Potato is one of the first species for which high-density (Tanksley et al., 1992) and ultra high density (van Os et al., 2006) maps were made available. While, the earlier effort largely relied on RFLP markers using tomato probes (Tanksley et al., 1992) , the latter map was based on >10,000 AFLP markers (van Os et al., 2006) . Jacobs et al. (1995) constructed an integrated map comprising of RFLP, T-DNA, and isozyme loci alongwith ten classical morphological markers. In recent years, linkage disequilibrium approach has also been used for construction of molecular map in tetraploid potato by D'hoop et al. (2008) .
Techniques like RFLP and AFLP, though successful, suffer from certain shortcomings including lengthy procedures, high cost and use of radioactivity, making these techniques currently unpopular. Among molecular markers, microsatellites are preferred because of the simpler protocol involved and the low DNA requirement. Microsatellite markers being robust, ubiquitous, reproducible, multiallelic, easily transferable and highly polymorphic offer several other advantages. High mutation rates and simple Mendelian inheritance of these loci make them appropriate for investigations on population dynamics, breeding patterns and phylogeny (Ellegren, 2004; Selkoe and Toonen, 2006; Seyfert et al., 2008) . Moreover, the use of codominant markers like microsatellites allows visualization of four different alleles in potato and may reflect the ploidy of the assayed genotypes in a convincing way.
Relatively few attempts have been made to develop microsatellite markers in potato despite their proven advantages and diverse applications. The development of microsatellite markers in potato has heavily relied upon DNA sequences available in public databases (Veilleux et al., 1995; Provan et al., 1996; Schneider and Douches, 1997; Ghislain et al., 2004; Feingold et al., 2005; Tang et al., 2008) . These markers have been applied to potato genome mapping, gene tagging and germplasm characterization (Milbourne et al., 1998; Ashkenazi et al., 2001; Ghislain et al., 2004; Feingold et al., 2005; van Os et al., 2006; Spooner et al., 2007) . Ghislain et al. (2004 Ghislain et al. ( , 2009 ) have characterized around 1000 cultivars using microsatellite markers, and have developed a genetic identity kit useful in authentication of plant breeders' rights in potato. Similar success in genetic characterization of potato cultivars was obtained by Reid et al. (2009) using nine microsatellite markers. Milbourne et al. (1998) developed 112 microsatellite markers exploiting different sources that include enriched genomic libraries, cDNA libraries and sequence databases. Of these, 65 microsatellites could be integrated into a pre-existing genetic map of potato. Later, Ashkenazi et al. (2001) also utilized these resources in addition to the previously published tomato microsatellites. A high degree of polymorphism was reported in a set of 30 cultivars belonging to New World and Old World collections by Feingold et al. (2005) using 94 EST derived primer pairs.
In view of the above, there is an ever existing need to add new markers to the prevailing list of microsatellite markers for this important crop. Higher levels of similarity within the Solanum gene pool as reported by Tanksley et al. (1992) , Ashkenazi et al. (2001) and Dognalar et al. (2002a,b) raise the possibility of utilization of other solanaceous sequences for microsatellite based studies in potato and vice versa. The recent trend of using EST-derived microsatellite markers in comparison to genomic library derived microsatellites is drawing attention of crop scientists (Ghislain et al., 2004; Feingold et al., 2005; Spooner et al., 2007) .
The present study was carried out with the primary objective to develop new microsatellite markers originating from both genomic libraries and ESTs in potato and to validate the application of these microsatellite markers in potato germplasm characterization and genome mapping. Transferability of these markers across selected solanaceous genomes has also been investigated.
MATERIALS AND METHODS

Plant material
DNA from an Indian potato cultivar Kufri Bahar (K. Bahar) was used for the construction of genomic library. Thirty three cultivars including K. Bahar, 32 advanced breeding lines developed at Central Potato Research Institute (CPRI), Shimla, India, and 14 accessions of wild Solanum species were used to assess the utility of microsatellite markers for genotype characterization (Tables 1a-c) . The segregation pattern of amplified products was assayed in a backcross population comprising of 67 lines, developed at Max-Planck-Institut fur Zuchtungsforschung, Koln, Germany (Gebhardt et al., 1989) . The parental genotypes, P9 (H81.691/1) and P16 (H82.309/5), mainly represented tuberosum germplasm, but were introgressed with germplasm belonging to S. acaule, S. andigenum, S. demissum, and S. spegazzinii. Diploidization was achieved through parthenogenesis (Gebhardt et al., 1989) . During the backcross, P16 was the female parent, while the F 1 i.e., BC916/2 was the male parent. Additionally, microsatellites were also cross-amplified in tomato (cv. Pusa Ravi), eggplant (cv. MHB-80), pepper (cv. Arjun), petunia (cv. Prisma Sunshine) and in vitro grown tobacco shoots containing green tissue. 
Preparation of genomic library
DNA extracted from the potato cultivar K. Bahar using CTAB method (Doyle and Doyle, 1990) was used for the construction of genomic libraries. The genomic DNA was hydro-sheared and 750-1500 bp fragments were eluted from the gel using QIAGEN GenElute kit (Qiagen, USA). Approximately 1 g DNA fragments were blunt-ended at 37 ºC for 10 min. using 0.2 U T4 DNA polymerase (MBI Fermentas, Lithuania) in the presence of 20 M of each of the dNTPs. Alternatively, genomic DNA was digested overnight with RsaI (MBI Fermentas, Lithuania) at 37 ºC. Gel eluted 500-1000 bp DNA fragments were ligated to calf intestine alkaline phosphatase (MBI Fermentas, Lithuania) treated linearized pUC18 or pBluescript SK+ vector (Stratagene, USA) at SmaI site. Electrocompetent E. coli DH10B (Invitrogen, USA) cells (25 l) were transformed using 1 l of ligation mix each time in three different sets of experiments using electric shock (1.8 KV/cm; 3.8 ms) in a Biorad Genepulsar (Biorad, USA). Transformed cells were initially grown for 1-2 h at 37 ºC in 1 ml SOC medium. Libraries were later plated on 24 cm x 24 cm Nunc Bioassay plates containing Luria-Bertani (LB) agar medium supplemented with 100 g/ml ampicillin, 50 g/ml X-Gal and 0.5 mM IPTG at a density of 20,000 colonies per plate. In a separate experiment, 100 l culture of E. coli DH5α competent cells was transformed using 10 l ligation mix using heat shock at 42 ºC followed by incubation on ice for 5 min. Cells were grown in LB broth medium for 2 h and plated similarly on ampicillin containing LB agar medium on Nunc Bioassay dishes (Nunc, Denmark).
The libraries were screened following the protocol of Ashkenazi et al. (2001) using γ 32 p end labeled (GAA) 5 , (GT) 10 , (TAA) 5 , (GA) 8 , (GATA) 4 , (ACA) 5 and (ATC) 5 probes (each 25 M) in hybridization buffer. The probes were selected on the basis of knowledge of microsatellite abundance in plants (Winter et al. 1999; Ashkenazi et al. 2001) , hybridization temperature and possibility of self-annealing at that temperature. Colonies giving positive signals after primary screening were picked and transferred to 90 mm petri dish plates containing LB medium supplemented with 100 g/ml ampicillin. Secondary screening was performed using the same procedure as that in primary screening.
DNA sequencing and primer design
Positive clones were scaled up in 5 ml LB broth medium (supplemented with 100 g/ml ampicillin) for isolation of plasmids. QIAquick plasmid isolation kits (Qiagen, USA) were used for the isolation of plasmids as per manufacturer's protocol. The plasmids were sequenced using M13 universal primers on a MegaBACE DNA sequencer (GE Life Sciences, USA). The sequences were obtained in FASTA format and visually screened for the presence of microsatellites. The primers were designed using online utility Primer3 (frodo.wi.mit.edu/cgi-bin/ primer3/primer3_www.cgi) for the amplification of microsatellites present in the sequences isolated from genomic libraries.
Additionally, primers were also designed for the microsatellite sequences isolated from ~29,000 ESTs downloaded from EST database of Solanaceae Genome Network (SGN) (Grover and Sharmam 2004) . These EST sequences can now be mined from Solanaceae Genomics Resource (http://sol-blast.plantbiology. msu.edu/) database of Michigan University. Additionally, seven primer pairs used earlier by Veilleux et al. (1995) , Milbourne et al. (1998) and Ashkenazi et al. (2001) were also explored for their use in genetic diversity analysis. The primers used in this study were custom synthesized by Microsynth, Switzerland or Oligator, USA.
Primers were designed atleast 30 bp away from either side of the microsatellite. An effort was made to keep the annealing temperature (T m -5) o C of primers near 55 o C and % GC close to 60. T m was calculated following the formula-[2 x (A or T) + 4 x (G or C)] o C. Most of the primers were 20 bp long. Repetitiveness within the primer sequences was tolerated as long as they did not contribute to self-annealing three dimensional structures. Majority of the microsatellite positive ESTs failed in meeting one or more of these criteria.
PCR analysis and allele detection
The PCR reaction mixture contained 1X Taq polymerase buffer, 2.0 mM MgCl 2 , 0.2 mM of each dNTP, 0.3 U Taq DNA polymerase (Biotools, Spain), 10 M of each primer and 40-50 ng template DNA in a total reaction volume of 25 l. PCR reactions were performed with an initial denaturation step of 5 min at 94°C, followed by 35 cycles of 94 °C (30 s), annealing temperature [(T m -5) °C; 45 s] and 72 °C (1 min) and a final extension step at 72 °C for 10 minutes. The amplified products were run on 2.0 % agarose gels or whenever necessary on 12.0 % non-denaturing polyacrylamide gels in 1X TBE buffer. The gels were stained with ethidium bromide.
Data analysis for heterozygosity and genetic diversity estimations
Polymorphism information content (PIC; Botstein et al., 1980) was estimated as a measure of informativeness of each of the markers. A distance matrix was also generated by infinite allele model (Nei, 1972) using NTSysPC 2.1 (Rohlf, 1992) to construct a neighbor joining tree (Saitou and Nei, 1987) .
RESULTS AND DISCUSSION
Potato is a distinguished crop with the most comprehensive genome map available (van Os et al., 2006) . This map is based on more than 10,000 markers, majority of which are AFLP markers. Much earlier, Tanksley et al. (1992) constructed a high density RFLP map of potato with 1400 markers. Microsatellites, otherwise considered to be highly robust markers, are under-expolited for genetic studies, especially mapping, in potato. However, a few attempts have been made towards development of microsatellite markers in potato (Milbourne et al., 1998; Ashkenazi et al., 2001; Feingold et al., 2005; Tang et al., 2008) generating around 170 microsatellite markers, which are certainly not sufficient to cover a large genome like potato.
There are three major ways of isolating microsatellites from genomes-using random genomic and enriched genomic libraries, and mining from sequence databases. One can also use microsatellites developed for a related genome with varying degree of success. In the recent years, development of microsatellite markers in plant genomes through in silico mining of ESTs and genomic sequences has gained immense popularity owing to some unmatched advantages (Varshney et al., 2005; Sharma et al., 2007) . However, many of the EST-derived markers fail as functional markers, understandably because length polymorphism in conserved regions like genes is not as common as in hypervariable regions of the genome. Despite the relative advantages and disadvantages of different methods, each of these methods has been found useful for development of markers in plants. In this study, we have attempted to develop microsatellites by screening genomic libraries and potato ESTs.
Preparation of genomic libraries and frequency of microsatellites
Electroporation method of E. coli transformation expectedly proved better with 90 % efficiency as against heat shock method with only 50 % efficiency. Each plate prepared following electroporation and heat shock transformation represented nearly 0.88 % and 0.35 % of the potato genome, respectively, estimated according to Ashkenazi et al. (2001) . GT and GAA probes generated strongest signals, while TAA showed remarkable non specific binding when libraries were blotted on to a membrane and hybridized to several microsatellite probes.
Sequence analysis of the putative 81 positive clones obtained following radioactive screening of genomic libraries revealed that some of the clones had no microsatellites while some others contained more than one microsatellite repeat (Fig. 1) . Sequence analysis showed 94 microsatellites in the 65 clones out of the 78 clones sequenced in the present study (Fig. 1) . Nearly 35 % of all the repeats were compound microsatellites. The general trend of microsatellite mining from genomic libraries resembled to that in monocots, typically showing shorter repeats and fewer complex repeats (Röder et al., 1995) . In wheat, barley, rice and maize, complex microsatellite repeats isolated from genomic libraries represent less than 50 % of the total isolated repeats (Röder et al., 1995) . The variation reported for potato microsatellites was not directly dependent on the length of the microsatellite array or its simple/complex composition. However, in some plant species a bias has been reported, for example, in soybean, GT microsatellites were more informative than GA . In contrast, GT repeats were less polymorphic than GA in Arabidopsis and the complexity of microsatellite structure decreased with the level of length variability (Bell and Ecker, 1994) .
Since only 81 microsatellite positive clones could be isolated from 84,000 genomic clones screened (Table  2) , total microsatellite repeat loci were estimated as 21,857 loci with an average spacing of 81 Kb in the potato genome compared to Ashkenazi et al. (2001) , who estimated a total of 32,800 repeats with motifs A, GT, CT, ATT and CTT with an average distance between two loci being 52 Kb. On analysis of the actual number of clones carrying microsatellites, and the total number of microsatellites identified from the library, the estimate of the total number of microsatellites of these seven types in potato genome was corrected to 25,365 repeats, spaced apart every 65 Kb. Microsatellite frequency in the potato genome was estimated (using probe hybridization) to be as high as one GT repeat per 600 Kb to as low as one GA repeat per 9 Mb. However, on the actual sequence analysis of the clones, GAA repeats were estimated to be most frequently occurring at every 607 Kb, while ATC and GATA to be most scarce at every 9 Mb in the genome. The maximum number of loci was five that could be found in any of the cloned sequence. Motifs A and ATT are reported to be abundant in plant genomes (Katti et al., 2001; Morgante et al., 2002; . Frequencies of GA (or CT or GA or TC) and GT microsatellites (estimated on the basis of hybridization of probe) range widely from every 17 to 500 Kb and from 86 to 800 Kb, respectively (Bell and Ecker, 1994; Röder et al., 1995; Liu et al., 1996) . Such low estimates of microsatellite richness in genomes arise due to procedural and technical limitations in cell lysis, probe hybridization and washing steps during colony hybridization. Bioinformatic studies, wherever possible overcome such limitations. In fact, prevalence of GA over GT repeats is a general feature of the plant genomes, as predicted by genome-wide bioinformatic analyses (Morgante et al., 2002; . Considering these estimates, it is clear that, to produce a saturated microsatellite map covering the whole potato genome, it is necessary to screen thousands of inserts in search of more and more microsatellites.
Database search
EST sequences downloaded from the ftp site of The Institute of Genome Research (now J Craig Venter Institute; ftp:\\ftp.jcvi.org) were scanned for the presence of microsatellites and the results pertaining to microsatellite abundance and frequency in these sequences have been published elsewhere (Grover and Sharma, 2004) . Though more than 1,400 ESTs were found positive for microsatellites, primers were designed only for those microsatellites whose lengths were found more than 20 bp. Among them too, many of the tags were discarded, as primers could not be designed due to the terminal position of the microsatellite or the overall low quality sequence of the EST. Further, properties of the primers designed from many other of these ESTs failed to meet the criteria of desired Tm and % GC content.
Analysis of microsatellite polymorphism among cultivars and species
A total of 130 primer pairs were designed following screening of genomic libraries and EST sequences. These primers are available on request from the corresponding author. Of these, forty four primer pairs were randomly picked up to be employed in genetic diversity analysis. Thirty primer pairs (sixteen from genomic libraries and fourteen from EST sequences) amplified PCR products in the expected size range in the first set of three cultivars namely K. Bahar, K. Ashoka and K. Chandramukhi (Table 3) . Additionally, seven previously published primer pairs also amplified products in the expected size range (Table 4) . Expected size range refers to the 50 bp up and down from the length predicted by primer design software (or published range in case of previously published primer pairs). This range was based on the published reports of microsatellites on potato (Milbourne et al., 1998; Ashkenazi et al., 2001; Ghislain et al., 2004; Feingold et al., 2005) . Any band appearing within this range was considered as allele, and a maximum of four alleles per genotype were expected. Any band occurring outside this range was considered as a separate locus.
Thirty seven primer pairs selected as above were used to fingerprint a panel of 79 potato genotypes (Tables 1a-c) , of which 67 were tetraploid potato. Most of the cultivars and advanced breeding lines belonged to Solanum tuberosum ssp. tuberosum. The fingerprint data revealed a total of 110 alleles with a mean of 2.96 alleles in the range of 1-5 alleles per locus (Table 3) . The presence of more than one PCR band for a given (1998) locus indicated level of heterozygosity in the germplasm. PIC values ranged between 0.14 using the primer pair LSS002 to 0.84 using primer pair ACA001 (Table 3) . However, in nine cases, additional bands, smaller or larger than the expected bands were also observed, often well conserved across the species, indicating amplification of more than one locus. Null alleles were common at expected length loci, as well as with additional band lengths (Fig. 2) . Nearly 50 % of the screened primer pairs successfully amplified products across different species and genera, also in the same size range as they amplified in potato (Table 4) . False positives were discarded after repeating the experiments with a subset of genotypes selected at random.
Previous genetic analyses involving EST-derived microsatellite markers in solanaceae indicated that a high number of primer pairs derived from EST sequences amplify PCR products in the expected size range (He et al., 2003; Feingold et al., 2005) . Present study also confirm to such previous findings. In general, the drawback of using cDNA sequences (using cDNA library and ESTs) for microsatellite development is the unknown final size of the amplicon (Scott, 2001; Feingold et al., 2005) . The success of such markers very much depended on their occurrence in 5'-UTRs and 3'-UTRs (Milbourne et al., 1998; Feingold et al., 2005) .
The level of microsatellite polymorphism reported earlier by Milbourne et al. (1998) , Ghislain et al. (2004) and Feingold et al. (2005) was higher than reported in our study. However, Ashkenazi et al. (2001) reported a lower average polymorphic level of the newly developed microsatellites similar to that in the present study. These differences can be attributed to the narrow genetic base of the genotypes used by Ashkenazi et al. (2001) and in the present study. Spooner et al. (2005) reported relatively poor allele numbers per microsatellite locus in Indian potato cultivars compared to other groups included in their study, suggesting a relatively narrow genetic base of Indian cultivars. It is believed that modern potato cultivars represent lower genetic diversity compared to landraces (Spooner et al., 2005) . The ability of microsatellites to distinguish different genotypes in a sample set characterized by a narrow genetic base advocates the utility of the newly discovered microsatellites. Occurrence of a number of null alleles (Fig. 2) indicates that not only the microsatellite sequence but their flanking sequences are also quite variable in different species. Owing to the high level of polymorphism in S. tuberosum gene pool detected with microsatellites, the markers described here are highly suitable for the variety and hybrid identification and mapping of agronomically important genes or QTLs within S. tuberosum.
Estimation of heterozygosity and genetic distances
Genetic distances were estimated among the available potato germplasm using different microsatellite markers developed as above. Data was analyzed using cluster analysis software NTSysPC 2.1 (Rohlf, 1992) . The distance matrix was used to construct the neighborjoining tree that successfully distinguished all the cultivars and accessions used in this study (Fig. 3) . All the wild species were placed in a cluster in one corner of the tree. However, the two hexaploid accessions (S. demissum 1837-1 and S. demissum 1846-4) were placed close to diploid accessions S. sparsipillum 1724-6 and S. albicans 1763-5, respectively. Similarly, the tetraploid accessions S. tuberosum ssp. andigenum (2040-10 and 2045) were placed farther from each other and also from modern cultivars currently under cultivation in India. Similarly, the advanced breeding line JEX/A 1270 of andigenum origin was significantly displaced on the tree. The modern cultivars K. Khasigaro and K. Bahar were accommodated nearest to the wild representatives.
Despite numerous phylogenetic studies based on microsatellites, no consensus could be achieved among biologists regarding the appropriateness of an evolutionary model for microsatellites. Microsatellite 
evolution is probably more taxon specific rather than that assumed earlier. As these models have been designed for diploids, they do not best describe the dynamism displayed by a gene pool with different ploidy levels as in the present study. Consequently, the genetic distances and the similarity coefficients estimated in this study may not also appropriately explain the evolutionary events in potato. Although the data generated in this study had clustered the Indian cultivars together on the N-J tree (Fig. 3) and successfully distinguished all the 79 genotypes, it was not possible to decipher their phylogenetic relationships in a convincing way. Spooner et al. (2005) used a subset of cultivars used in this study, and similarly found those cultivars clustered together using genomic and chloroplast DNA microsatellites. However, the phylogenetic relationships on the N-J tree reported by Spooner et al. (2005) and in the present study do not fall in agreement with each other, as some of the close relatives in both the studies have been placed quite Neighbor-joining tree constructed from microsatellite marker analysis using Nei's (1972) similarity coefficient.
distantly on the N-J tree. For example, K. Chamatkar and K. Kundan, both desired from Ekishirazu (Spooner et al., 2005) were placed together on the N-J tree drawn by us, but have been placed on separate branches by Spooner et al. (2005) . K. Jyoti is the common parent to K. Badshah, K. Swarna and K. Jawahar was shown by Spooner et al. (2005) but, the same relationship could not be traced in the present study. On the other hand, K. Muthu though unrelated to K. Jyoti, has been placed closer by Spooner et al. (2005) but not so in our N-J tree. However, K. Muthu has been found to be closer to K. Badshah in our study (Fig. 3) , which is derived from a cross involving K. Jyoti (Spooner et al., 2005) . This observation though unusual, points to the complex nature of microsatellite evolutionary dynamics, where unrelated genotypes may sometimes carry the same allele, and thus demands the adoption of two phase model (DiRienzo et al., 1994) to describe microsatellite mutations in place of any of the stepwise mutation model (Ohta and Kimura 1973) or infinite allele model (Kimura and Crow, 1964) . The observation that 13 of the total 16 microsatellite markers extracted from the genomic library gave amplification in atleast one of the wild species is supported the fact that cultivated potatoes are probably polyphyletic in origin (Grun, 1990; Huaman and Spooner, 2002) and have an ability to cross with wild potatoes. It is also inferred from our results that ssp. tuberosum is distinct from ssp. andigenum and other wild accessions.
Genomes of closely related species exhibit a number of homologies. Transferability of markers between such species is thus obvious. This has been well exhibited between tomato and potato (Gebhardt et al., 1991; Tanksley et al., 1992; Ashkenazi et al., 2001) . Ashkenazi et al. (2001) successfully amplified 60 % of the tomato microsatellite markers in potato. Likewise, we could amplify 50 % of potato microsatellite markers in tomato and eggplant. The amplification of potato microsatellites in other solanaceous species indicates the utility of the microsatellite markers and the homology between these species. The amplified region indicates the homology with regards to the primer pairs, but does not ensure the presence of microsatellites within them. Our experience in handling the rice genome indicates that while flanking sequences may be well conserved, the microsatellite harbored between them may be missing. Present results suggest a lower level of homology between tomato and potato as compared to previous workers (Bonierbale et al., 1988; Gebhardt et al., 1991; Tanksley et al., 1992) . In order to obtain the PCR product, as required in microsatellite analysis, more homology between the species under study is required as compared to hybridization based techniques like RFLP. Thus, the previous estimates (Bonierbale et al., 1988; Tanksley et al., 1992) of homology between tomato and potato were higher than those of Ashkenazi et al. (2001) and the present study. Further, RFLP probe hybridization is biased towards transcribed regions of the genomes which usually show higher homology than the rest of the genomes. Likewise, Gupta and Varshney (2000) reported low frequency of homologous microsatellites between wheat, barley and rice as compared to that for RFLPs.
The same size alleles in wild germplasm may represent different electromorphs and thus might not be indicative of low levels of microsatellite mutation activities in potato. This is also possible due to the generation of new alleles and under some evolutionary pressures reverting back to previously occurring alleles. Thus, the overall mechanism could be directionless in the sense that it could increase or decrease the locus length within defined limits. Our in silico studies in members of solanaceae prove conservation of microsatellites between different species and within the defined size range (unpublished results). The same has also been proved by amplification of nearly 50 % of microsatellites in related genera. Thus, despite the directionlessness of microsatellite evolution and occurrence of only a few alleles in ecologically diverse materials, high levels of heterozygosity in the microsatellite regions suggest that microsatellites may be useful in detecting genetic differences between closely related taxa.
Segregation analysis in backcross population
STMS markers are expected to follow Mendelian inheritance (tetrasomic inheritance in case of tetraploid species). A given marker that is polymorphic between two parents can be genotyped in F 2 or backcross populations to establish its mode of inheritance. We have performed similar investigation using diploid backcross population consisting of 67 plants with complex phylogeny (Gebhardt et al., 1989) . Out of the total fifty one primer pairs tested, twenty nine produced polymorphic bands between parents P9 and P16. Eight primer pairs did not amplify any locus in the parents, while fifteen pairs exhibited no polymorphism between the parental genotypes. Out of the 29 markers that showed polymorphism among parents, 13 segregated in the backcross population. Being a backcross population, F 1 i.e., BC916/2 was expected to be heterozygous for the microsatellite markers that displayed polymorphism between parents. For five out of these thirteen primer pairs, parent P9 displayed heterozygous alleles, while P16 displayed homozygous single allele, and the F 1 (BC916/2) inherited the heterozygous allele or vice versa. Linkage analysis could be performed on 11 of the segregating loci that segregated in the expected ratios of 3:1 or 1:1. In these cases, where microsatellites showed polymorphism among parents, a heterozygous marker in P9 would be present in 50 % of the cases in BC916/2, creating a 3:1 ratio, if P16 is homozygous, else producing 1:1 ratio. A homozygous marker in P9 will always be present as heterozygous in BC916/2 and will segregate in 1:1 ratio, except when P16 is homozygous for the same marker. Similarly, a heterozygous marker in P16 would be present in 50 % of the cases in BC916/2 and would always segregate either in 1:1 or 3:1 (presence versus absence of the markers in progeny).
Two of the loci polymorphic in parents, did not follow the Mendelian ratio. That can be attributed to the alloploid nature of potato or the complex phylogeny of the parental lines. Feingold et al. (2005) discussed the various aspects of microsatellite discovery using experimental approaches despite the availability of atleast two online resources (Solanaceae Genomics Network and potato SSRcontaining ESTs) for molecular marker development in potato. As one of these (Solanaceae Genomcis Network) has indicated the map location of some of the microsatellites without actually testing these loci for polymorphism, and SSR-containing ESTs suffers with higher levels of redundancies, the scope for mining of microsatellites both from genomic as well as cDNA sequences is still promising. The existing genomic sequence resources for potato and other closely related species are useful resources for future microsatellite marker development efforts. The development of new microsatellite markers in potato during the present study has proved valuable for genome characterization and can also be effectively exploited in mapping and gene tagging studies in potato and related species.
Scope of microsatellite research in potato
